While there is an extensive body of literature on the demand for hospital services, little is known about the interaction between public and private hospitals in a mixed system. In this paper, we (i) apply latent class analysis to identify distinct subgroups of patients who use the hospital market differently, (ii) characterise each patient type by their personal characteristics and (iii) link the patient type to future hospital admissions. We apply our analysis to individual-level longitudinal patient data from Australia, focusing on three popular procedures that are performed in both public and private hospitals. We find 4 to 5 patient types. The most common types use either a public or a private hospital almost exclusively and absorb a moderate level of hospital resources. The severe types represent 13 to 17% of patients. The type which uses both sectors makes up 10 to 20% and tends to have private health insurance coverage. The patient types are predictive of prospective utilisations, as we find that patients tend to be admitted to the sector they have used in the past. By revealing how patients use coexisting public and private hospitals, our results have direct implications on health resource financing and allocations.
Introduction
Hospital services are the single most expensive component of health expenditures. In the United States, about 7% of the population makes a hospital visit in any given year, but hospital expenditure absorbs almost a third of the nation's total health care spending (Mirel and Carper, 2010) . In England, about 68% of spending by primary care trusts, which absorbed 80% of the English National Health Service funding in 2011/12, was allocated to hospital services (Jones and Charlesworth, 2013) . Across European countries, hospital expenditures account for 26 to 46% of total health expenditures (European Commission, 2014) . Similarly, in Canada, nearly 30% of total healthcare spending is allocated to hospitals (Canadian Institute for Health Information, 2012) while in Australia, hospitals are used by about 12% of the population but absorb nearly 40% of the total health expenditure (Australian Institute of Health and Welfare (AIHW), 2013). Accordingly, a large body of research has been dedicated to analysing the demand for hospital services measured by the number of admissions Bago d'Uva, 2006; Hastings et al., 2010; Strunk et al., 2006; Deb and Holmes, 2000) or resources used during admission. Resources have been typically measured by length of stay (Hastings et al., 2010; Street et al., 2012; Cheng et al., 2014) and hospital costs (Baicker et al., 2013; Street et al., 2012; Johar et al., 2013; Morgan and Cunningham, 2011; Morgan et al., 2010; Cheng et al., 2014) .
The literature focuses on the determinants of the overall demand for hospital services.
However, in a mixed healthcare system, in which public hospitals are available to all and the private sector coexists alongside them (e.g., Canada, Australia, New Zealand, Scandinavian countries), it is also important to know how the demand is split between the public and the private sector to determine how health care should be provided and funded. Yet there is very limited literature on sectoral hospital choice (Barros and Siciliani, 2012) . The bulk of the literature on hospital choice focuses on a patient's decision to choose a particular hospital due to its attributes such as proximity to residence (Moscone et al., 2012; Tai et al., 2004; Vrangbaek et al., 2007) , reputation (Akinci et al., 2005; Pope, 2009; Varkevisser et al., 2012) and quality (Beukers et al., 2013; Sivey, 2012) . In this paper, we aim to fill this gap in the literature by undertaking patient-level analyses to reveal not only how the market for hospital services in a mixed system is segmented, but also how a patient's health conditions interact with his/her hospital utilisation; the correlation between health condition and health service use is unquestionable, but the two are rarely modelled as a joint outcome.
We examine the case of Australia, where at the aggregate level, the ratio of public to private hospitals is about 60:40.
Our analytical approach is to employ latent class analysis (LCA) (Vermunt and Magidson, 2002 ) to predict distinct "types" of patients based on a series of indicators of hospital utilisation. LCA is a type of clustering techniques in Statistics which has been successfully used in the fields of medicine and psychology; it is used to group subjects with similar response patterns to the outcome variables in one cluster. In the medical literature, for example, LCA has been used to profile addictive behaviours (Lloyd et al., 2010; Agrawal et al., 2007) and to describe the disease burden of a given geographical area (Jiang et al., 2015) . In the psychology literature, LCA has been used to describe people's attitudes towards a new health technology (Mok et al. 2014) and to identify various learning styles of students (Lawson and Masyn, 2015) . Outside health and medicine, LCA has long been used by product developers and marketers to study consumer segmentation (Bhatnagar and Ghose, 2004; Konus et al., 2008) .
In the health economics literature, studies have used latent class models to predict demand for health care (see for example Deb and Trivedi, 1997; Jimenez et al., 2002; Bago d'Uva, 2006; Conway and Deb, 2005; Deb and Holmes, 2000) . The workhorse of these models is finite mixture models such as that of Deb and Trivedi (1997) . These models assume that subjects come from two or more different populations with different outcomes (e.g., highvs low-expenditure consumers, and that in each population, the outcome follows a continuous distribution (e.g., normal or poisson). Subjects belong to a certain population with some constant probability.
Our LCA approach is not quite the same as these latent class models with which econometricians are familiar. Unlike these latent class models, which have one continuous outcome variable, such as health expenditure or the number of doctor visitations, and treat the latent class as a way to accommodate a missing variable, LCA involves a series of observable outcomes and focuses directly on the latent class membership determination. In latent class models, class membership is typically just a constant parameter. In contrast, we model the latent class membership explicitly as a function of the subjects' own characteristics. The use of covariates has been shown to enhance the accuracy of the latent class membership prediction (see Wurpts and Geiser, 2014 and references within) . Given that class membership is central to our objective of revealing consumer segmentation in the hospital care market, LCA supports our objective better than the latent class models that have been used in previous studies, which may be more suited for impact evaluation or predictions. After finding the latent classes of consumers that reflect distinct patient types, we describe each type in terms of its socio-demographics, economics, health and lifestylerelated conditions. 6 To make a clearer interpretation of utilisation pattern, we conduct separate LCAs for several health conditions that have large demand for treatment and are treatable in both public and private hospitals. We think this approach gives us sharper focus and is more informative than a general analysis in which all diseases are pooled. The health conditions we considered are problems with the nervous system, respiratory system and circulatory system.
Our findings can be summarised as follows. First, we find that there are 4 patient types for nervous and respiratory problems and 5 patient types for circulatory problems. Patient types which comprise the majority of patients use either public or private hospitals almost exclusively. Their health conditions are not so severe, as indicated by moderate use of hospital resources. The patient types that have intense use of hospital resources (severe patient types) represent between 7 and 19% of patients, depending on health problem.
These types also tend to use only one sector. Dual use of public and private hospitals is observed among patients who are willing to pay for additional privileges in public hospitals such as choice of doctors and better accommodation. These patients make up between 9 and 25% of patients and use hospital resources at a level somewhere in between the moderate and severe patient types. Second, with regards to the characteristics of each patient type, we find that private health insurance membership is the strongest predictor of the patient types that use exclusively private hospitals, and, as expected, poor health predicts the patient types that use the most hospital resources. We do not find that household income predicts any patient types, which may suggest that any out-of-pocket health expenses tend to be paid through private health insurance instead of direct debit.
Third, we find that the patient types can predict prospective admissions, as some types are 7 more likely than others to have a future admission and go to a private hospital instead of a public hospital. 8
Australian hospital sector
In 2012, there were 753 public hospitals and 592 private hospitals throughout Australia (AIHW, 2014) . During an admission to a hospital, a patient can be admitted as a public (nonpaying) patient or a private (paying) patient. Under the universal public healthcare system, Medicare Australia, treatment by a doctor appointed by the hospital and accommodation as a public patient in a public hospital are free to all Australian residents. Alternatively, a patient can choose to be admitted as a private patient, and Medicare will cover 75% of their in-hospital costs of medical services, excluding accommodation, theatre fees and medicines.
Both public and private hospitals can admit private patients. In public hospitals, private patients incur charges in exchange for choice of doctors and accommodation.
Public hospitals are mainly funded by the Commonwealth and the state and territory governments. Non-government funding for private patients is provided by a mix of private health insurance and out-of-pocket charges. During 2011-2012, over $53.5 billion was spent on hospitals, which is about 3.6% of the gross domestic product, or $2,400 per capita; over $42 billion was spent on public hospitals, 90% of it by governments, and the remaining $11.5 billion was spent on private hospitals, a third of it by governments (AIHW, 2014). The state and territory governments manage the running of the public hospitals in their respective states and territories, while private hospitals are owned and operated by the private and charitable sector. Doctors can practise in both public and private hospitals.
In terms of overall volume (separations), the public-private hospital split is 60-40. Most health conditions are treated in both types of hospitals, although some conditions such as transplants, neonates and emergency are treated mainly in public hospitals. Both hospital sectors record a similar number of same-day separations (2.7 million in 2012-2013), but public hospitals have more than double the number of overnight separations as private hospitals (2.7 million vs 1.2 million in 2012-2013). This may be explained by longer inpatient days in private hospitals (AIHW, 2014) . In terms of quality, private hospitals seem to be doing better than public hospitals: private hospitals have a lower rate of adverse events due to drugs, medicaments, or biological substance and a lower rate of on-site falls resulting in patient harm (AIHW, 2014) . However, this difference may simply reflect emergency care in public hospitals (92%). Another performance indicator is waiting time. In the absence of price as a rationing mechanism in the public sector, for non-emergency care, demand is rationed via waiting lists. In contrast, in the private sector, patients can often choose when to be treated, so waiting time is effectively zero. Long waiting time is often regarded as an indication of poor-quality public hospitals. In the past decade, the median waiting time has been stable at around 27-35 days for all non-emergency procedures in public hospitals.
Voluntary private health insurance may be used to fully or partly cover the costs of admission as a private patient in a public or private hospital. Insurance premiums are community-rated, meaning that they cannot be priced based on the insurer's health conditions. However, insurers can attract different pool of insurees by offering a wide range of insurance policies. To encourage insurance purchase, from 1997 until only recently, the cost of insurance premiums was subsidised at a flat rate of 30% (higher for those above 65); from July 2014, the subsidy rate has varied by income. About 55% of the population has private health insurance (Private Health Insurance Administration Council 2013).
Methodology
Our empirical strategy consists of three parts. In the first part, we use latent class analysis (LCA) to identify distinct consumer segments ("types") in the hospital care markets based on detailed information on their use of hospital services. By examining the hospital utilisation pattern of each type, we assign putative names for all types. For indicators of hospital use, we consider not only the location and frequency of admissions, but also resource use during admissions, which reflects patient health. The indicators of resource use that we considered are the number of secondary procedures, which reflect the complexity of procedures for example due to comorbidities, the length of stay and any record of emergency department (ED) presentation. In the second part, the resultant patient types are described in terms of their demographics and background characteristics, as well as variables that can be iterative process that searches for maximum likelihood parameter estimates using the expectation maximisation (EM) algorithm. Estimation is based on a routine created at the Penn State University (Lanza et al., 2014) . The contribution by patient to the likelihood is
, where ( = ) is an indicator function that is equal to 1 if is equal to and 0 otherwise. The parameters to estimate are the probability of membership in each latent type, which is the gamma parameters, , and the item-response probabilities conditional on type membership, which is the rho parameter, . The gamma parameter can be given by a multinomial logit (MNL) model such as
where is the MNL coefficient.
From (1) Post estimation, given (̂,̂), ̂ is calculated to give us the distribution of patient types in the sample. The posterior probability of belonging to a given type is also estimated. We assign each individual to the type with the highest probability. After finding the patient types, the second part of our analysis is to correlate these types with patient sociodemographic, economic, and lifestyle conditions. For this, we estimate the MNL of the patient types and obtain the average partial effects (APE).
The last part of our analysis concerns the extent to which the identified patient types can predict future demand for hospital services. To answer this question, we run Heckman probit models of the private hospital admission taking into account selection into the hospitalised population. The patient types are included as covariates, and the identifying restriction is satisfied using lifestyle variables; lifestyles affect the probability of an admission but do not directly affect the choice between public or private hospital. We use hospital data from a year after the survey date. Because only a few patients in our data were hospitalised for the same health problems again in the following year, for prospective use, we consider both repeat procedures and the overall demand for any procedure. 1
Data and descriptive analysis
The data are derived from three data sets. The first source is the 45 and Up Study, which is a cross-section survey of non-institutionalised individuals aged 45 and over (45+) This linkage between the survey data and administrative data means that we get detailed information about the survey respondents outside the hospital setting as well as when they are admitted to hospitals. This is a unique feature of our data. Inside hospitals, the patientlevel data enables us to observe individual utilisation patterns such as multiple admissions, use of both public and private hospitals, length of stay and use of emergency care. Outside hospitals, we observe the patients' socio-demographic and economic conditions, general health and lifestyle habits.
We focus on admissions in the last two years. This is done to minimise potential noise from past health problems that are no longer relevant. In addition, although the hospital data is a five-year panel, the survey data is a cross-section. Thus, we need to make sure that the outof-hospital characteristics are still accurate. Further, we focus on admissions for elective procedures for the nervous system, respiratory system or circulatory system. These procedures are chosen because they represent a large volume of patients in both public and private hospitals, so sectoral interaction is possible. In 2009-2010, at the aggregate level, the public-private hospital split is fairly balanced for nervous system conditions and is about 65-35 for respiratory system conditions and 75-25 for circulatory system conditions (AIHW, 2010).
For each health condition, we observe the following hospital utilisation indicators : (1) the number of standard admissions to public hospital; (2) the number of admissions to public hospital that involve some payment; (3) the number of admissions to private hospital; (4) the length of stay; (5) the number of secondary procedures; and (6) emergency department (ED) use. Secondary procedures are used to capture complexities or more intense use of medical resources. For example, an episode of a coronary angiography for a circulatory patient may be supplemented with a cardioversion (normalisation of an abnormally fast heart rate), an angiography or a lung perfusion. ED use is measured by the number of times a patient has shown up in an emergency room for any health problem during the past year.
As only a handful of EDs in Australia are located in private hospitals, ED presentations typically do not involve out-of-pocket cost to patients. Hence, ED presentations not only capture the frailty of an individual or his or her susceptibility to illness or injury in general, but they may also capture a group of patients who rely heavily on the universal health insurance who visit the ED instead of obtaining outpatient medical services (which may involve out-of-pocket costs).
The final sample sizes are 2,877, 857, and 5,058 for nervous system, respiratory, and circulatory procedures, respectively. Those who completed the survey in 2006 have to be dropped because we do not have a long enough hospitalisation history for them. Those who completed the survey in 2010 are also excluded because we will also analyse hospital use in the post-survey period. Table 1 reports the summary statistics of the hospital utilisation indicators for each of the three procedures as they enter the LCA. At the patient level, the public-private hospital splits are slightly different from those obtained in aggregate: patients receiving respiratory treatment are fairly evenly split between public and private hospital admissions, while those receiving circulatory and nervous system procedures have relatively higher private hospital admissions. Another source of discrepancy between the aggregate figure and our data is that our population is older. Across all three procedures, we see that most patients exclusively go to either a public or private hospital. Respiratory patients have a lower average number of secondary procedures compared to the other types, while the number of ED visits and average length of stay are similar for all types of procedures.
[ Table 1 . Hospital utilisation indicators: summary statistics and categories] Table 2 shows the means of covariates by condition. Circulatory patients are older than other patients. For nervous system conditions, there are more female patients than male.
About a quarter of the patients in each sample are foreign born, while the proportion of patients with tertiary education ranges from 17 to 21%. Private health insurance coverage is the highest for circulatory patients, whilst health cards are more prevalent for nervous system patients. In terms of health indicators, a higher percentage of patients with respiratory and circulatory conditions report fair/poor health (27%), and numerous chronic conditions. However, according to physical score, which is derived from difficulties in carrying out daily activities, nervous system patients have the worst health. For lifestyle variables, excessive drinking and smoking seem to affect respiratory system patients the most, while more obese individuals have nervous system problems.
[ Table 2 . Means of covariates by procedure]
Results
We had no strong prior expectations of how many types would be exhibited in our sample.
However, it was reasonable to expect to find at least 3 types, capturing individuals who tend to use only public hospitals, those who use only private hospitals and those who use both. Table 3 reports the selection criteria for various models. AIC chooses bigger models than BIC, which is not surprising since BIC penalises additional parameters more harshly. Thus we follow BIC. Overall, entropy values are generally close to one, indicating minimal classification error. For the nervous and respiratory system groups, we identify 4 types of patients, while for the circulatory system group, the model with 5 types is the best. In the appendix, we show that the correlation between the indicator variables is substantially reduced once we take into account the latent type, which is one of the premises of LCA.
[ Table 3 . Selection Criteria]
Nervous system
We find 4 patient types. Table 4 shows the distribution of the 4 patient types, the hospital utilisation pattern by patient type (Panel A) and the predictors of each type (Panel B). The first type has admissions in private hospitals with a few secondary procedures and relatively short inpatient days. Hence we label this type as the "private hospital, moderate" (PVM)
type. It represents 47.48% of the nervous system patients. The second type also has admissions in private hospitals but with many more secondary procedures and much longer inpatient days. Hence we label it the "private hospital, severe" (PVS) type. It represents 18.53% of the nervous system patients. The average PVS patient has an extra two or three secondary procedures and stays in hospital 5 days longer than the average PVM patient. The third type has admissions in public hospital, so we call this type the "public hospital" (PB) type, which makes up 25% of the nervous system patients. Finally, the fourth type has admissions in public hospitals as private patients, so we label it the "public hospital, paying" (PBP) type. It represents 8.59% of the nervous system patients. We find that dual use of public and private hospitals is rare. For instance, the PVM type is almost never admitted to a public hospital. Similarly, the PB type almost exclusively uses public hospitals. The PBP type has higher private hospital utilisation than the PB type and has severity somewhere in between the PVS and the PB types.
The lower panel of Foreign-born patients tend to be PB. Those who do not drink alcohol for any reason, including abstinence due to health problems, also tend to be PB. For the PBP type, the strongest predictors are private health insurance and physical limitations.
[ Table 4 . Hospital utilisations and latent class predictors: Nervous system]
Respiratory system
The best model for respiratory patients finds 4 patient types. Table 5 Panel A shows a summary of the hospital utilisation indicators for each class. As with the above case, we find the same types as nervous system patients: PVM type, PVS type, PBP type and PB type.
The PVM and PVS types combined represent about 51% of the respiratory system patients.
Patients of both types have about 1 admission during the past two years and are hardly admitted to public hospitals. However, compared to the PVM type, the PVS type stays much longer (5 days more) in hospitals and has three times the number of secondary procedures and double the number of ED visits. The PB type represents 33% of the respiratory system patients. They are hardly admitted to private hospitals. The PBP type represents 16% of the respiratory system patients. limitations and many chronic conditions. The PB type tends to be younger and female, live in a major city, and have low income and no private health insurance. For the PBP type, as before, the private health insurance effect is very strong, followed by gender and age.
[ Table 5 . Hospital utilisations and latent class predictors: Respiratory systems]
Circulatory system
The sample of patients receiving treatment for circulatory system conditions is the largest of the three. The best model finds 5 patient types. This is shown in Table 6 . As with the above two cases, we find the PVM type, PVS type and PBP type, but this time we also find two types that use public hospitals almost exclusively. One of them has many more secondary procedures and a longer length of stay than the other. Therefore, we name this type "public hospital, severe" (PBS) and the other "public hospital, moderate" (PBM) type. These types combined make up 23% of circulatory patients.
The majority of circulatory system patients are found to belong to one of the private hospital types: the PVM represents 47% of patients and the PVS type represents 19%.
Comparing these two types, the PVS type has twice the average number of secondary procedures than the PVM type and a 5 times longer length of stay. We find that the PVS type sometimes obtain treatment as private patients in public hospitals. PBP patients are not as severe as PBS or the PVS patients, but they are in worse health than PBM or PVM patients. Low-income patients are most likely to be the PBS and PBM types, whilst high-income patients are most likely to be the PVM type.
[ Table 6 . Hospital utilisations and latent class predictors: Circulatory systems]
Future Utilisation
In this section, we assess the extent to which the patient types obtained above may predict the future demand for hospital services. We run a Heckman-style selection model in which the selection equation concerns any elective admission a year after the survey date and the outcome equation is an admission to a private hospital. In the data, very few patients (around 11%) were admitted more than once for any procedure in the following year, so we resort to a bivariate probit model with the patient types included as covariates. The APEs of covariates are reported in Table 7 .
For nervous system patients, having more chronic conditions, having physical limitations and being obese increase the probability of a future admission. With PVS as the reference patient type, we find that the PVM and PBP types are more likely to have a future admission. The choice of a public or private hospital is determined by private health insurance status, income and whether the patient is one of the public hospital types. The public hospital types are significantly less likely to switch to a private hospital.
For respiratory system patients, the results show that patients who return to hospital in the future tend to be those who have fair and poor self-assessed health and more chronic conditions. They are more likely to be the public patient type (PB). None of the patient type indicators are significant in the choice of public or private hospital, however, as the sectoral choice is only influenced by private health insurance status.
Circulatory patients are found to be more likely to return to hospital if they are older, male with private health insurance and not in excellent or very good health and have higher physical scores. They are also less likely to be foreign born and tertiary educated. All patient types have similar probabilities of future admission. The probability of an admission to a private hospital increases with both private health insurance and possession of a health card. In our data, 25% of insurance holders also have health cards. It is possible that these patients anticipate an admission and purchase insurance to expedite treatment (Viney et al., 2006) . Patient types matter for sectoral choice, with the PVS type being the most likely type to have a prospective admission at a private hospital, followed by the PBP type. The latter indicates a switching behaviour from public to private hospitals among those who used to be a paying public patient. Meanwhile, those who used to be non-paying patients tend to remain in public hospitals.
[ Table 7 : Present classes as predictor for future utilisation: Heckman Probit Models]
Discussion
This paper examines hospital utilisation patterns at the individual patient level, focusing on the interactive use between public and private hospitals. In the setting where both providers are available to all patients and are equipped to provide the necessary treatments, the nature of the public-private hospital mix by patients has important implications for the financing and delivery of hospital services. We take the case of the Australian hospital market, where the public-private hospital share at the aggregate level is around 60-40.
Through LCA, we reveal the consumers of three popular elective inpatient procedures and their future demand. Elective treatment means that patients have the time to make a decision whether to go to a public or private hospital. We find that, at least for these procedures, despite the mixed system, most patients do not mix between sectors and use only a public or a private hospital. This is an interesting revelation, given that both sectors are quite even in size and offer competitive services. For policymakers who want to reduce fiscal burden, the low occurrence of sectoral switching is good news because it suggests that once patients enter the private sector, they are likely to remain in the private sector, thereby permanently shifting the public burden of health care to the patient. This in turn may provide incentives for individuals to increase investments in health, e.g. by eating
healthily, exercising and taking more preventative care. The strongest instrument that may initiate this move is private health insurance holding, which may justify policies to increase private health insurance rate. Dual use of public and private hospitals is observed more among patients who have private health insurance but for various reasons are admitted to public hospitals. These patients can afford health care services, either through out-of-pocket costs or insurance premiums. Across the three procedures we examine, they make up between 9 and 25% of patients. Other individual characteristics may also predict patient types. We find that older patients and male patients are more likely to belong to one of the private hospital types, as do high income patients. Lifestyle variables matter more for some conditions than others. For instance, for circulatory conditions, the private hospital types are more likely to lead an unhealthy lifestyle than the public hospital types. Meanwhile, poor general health and chronic conditions are associated with the types which use the most hospital resources.
The presence of chronic conditions or physical limitations increases the probability of an elective admission in the following year. Those with private health insurance are more likely to visit a private hospital. The private hospital types are also more likely to return to a private hospital than the public hospital types, except for patients of the public hospital paying type, who tend to switch to a private hospital.
Our study sheds light on what has largely been a black box to health policymakers: how a patient uses the coexistence of public and private hospitals. This information can only be obtained from individual-level longitudinal data, which reveal a patient's multiple admissions. Better still, our study uses longitudinal administrative hospital records that are not subject to patients' recall bias. We also demonstrate that the use of LCA, which has not been widely used in the health economics literature, is creative and that LCA can be used to 24 profile hospital demand. Patient types reveal to policymakers the demand structure of a given hospital service which in turn is a valuable input in resource allocation. Meanwhile, knowing the predictors of each patient type may inform us about patient heterogeneity in public and private hospitals and allow policymakers to shape the demand structure in the future. In this case, we find that private health insurance can lower the utilisation of public hospitals, thereby reducing the public health care burden. A reduction in health costs may also be achieved through public policies that promote a general improvement in health to reduce use of resources per admission. Finally, we are able to show that current patient types are useful for predicting patients' future hospital admissions. 
where ln is the log likelihood of the model, ℎ is the number of estimated parameters, is the number of class, is sample size and is posterior probability from the estimated model. For circulatory with 2 classes, the model is simplified and includes only demographics and health as covariates. 
